, is apparently expressed at abnormally high levels if compared with Epstein-Barr virus (EBV)-transformed lymphoblastoid lines (22) (23) (24) . It has been postulated that translocation of c-myc might induce its abnormal activation, which, in turn, would play a key role in the oncogenic process (11, 13) .
We report a case of t (8;14) acute lymphocytic leukemia (ALL), whereby the c-myc is rearranged into the Ig Cal locus, thus leading to its quantitatively and qualitatively abnormal expression. These data, obtained in primary cells from an acute leukemia, extend and enhance the significance of the translocation-mediated c-myc activation in B-cell neoplasias. MATERIALS AND METHODS Case Report. The patient was a 13-year-old boy with a typical clinical picture of ALL, type L3 (ALL-L3). In particular, EBV tests were negative in leukemic cells, which were harvested prior to initiation of chemotherapy. The patient went into partial remission (i.e., blast cells were absent in peripheral blood, while -10% were still present in bone marrow) but relapsed after 3 weeks and died 4 months after diagnosis.
Cells. Leukemic blast cells were obtained from peripheral blood and enriched from -60% to "-90% by standard FicollPaque centrifugation. Surface antigen characterization was carried out by commercially available monoclonal antibodies (Ortho Diagnostics). Chromosome analyses were performed on at least 20 adequately stained metaphases by the standard GAG banding technique.
Remission cells were obtained from peripheral blood. DNA Probes. Genomic and cDNA human c-myc probes were (i) a 449-base-pair Xho I-Pvu II fragment containing most of exon 1 (8); (ii) a 1029-base-pair cDNA sequence (pRyc7.4) corresponding to exon 3 and the 3' portion of exon 2 (22) ; (iii) a 3.3-kb Pst I fragment (pMC415PP) containing exon 1, the first intron, and most of exon 2 (21); (iv) a 1.5-kb Cla I-EcoRI fragment (pMC413RC) containing exon 3 (21) .
The human genomic Ig probes were the EcoRI fragments containing the joining region of the H locus (JH), the class switch segment and the constant portion of the ,u gene (S,. and C.) (21) , and a 2.9-kb Sma I fragment of the Cal locus. DNA Analysis. DNA was extracted from leukemic and normal control cells, digested with restriction endonucleases, electrophoresed on 0.6-1.0% agarose gels, and transferred to nitrocellulose filters as described (24) . Hybridization was carried out in the presence of 10% dextran sulfate (25) and 2-4 x 107 dpm of radioactive probe labeled by nicktranslation to a specific activity of 3-6 x 108 dpm/,ug. Filters were washed to a final stringency of 15 mM sodium chloride/1.5 mM sodium citrate, pH 7, at 65°C and exposed to Kodak S0-282 x-ray films for 3 days at -800C.
RNA Analysis. Total cellular RNA was extracted by the guanidine-HCl technique and poly(A)+ selected by oligo(dT)-cellulose chromatography as described (26) . Ten micrograms of poly(A)+ RNA was electrophoresed on formal- dehyde/agarose gels (27) , electroblotted onto GeneScreen membranes (New England Nuclear), and hybridized with 2 x i07 dpm of radioactive probe, essentially as described by Thomas (26 Chromosome analysis showed in all of the 38 examined metaphases a reciprocal chromosome translocation, similar to that described in Burkitt lymphoma (see ref. 11). In addition, 70% of metaphases showed a duplication of chromosome 1 (q21-q32) ( Fig. 1 ).
c-myc Gene Mapping. DNA from ALL cells was digested with BamHI, EcoRI, and HindIII, which cut outside the cmyc structural gene ( Fig. 2A ) and hybridized to the cDNA probe. All three enzymes yielded both abnormal bands (20.6, 19 .0, and 15.5 kb, respectiyely) and normal c-myc fragments (Fig. 3) . Digestion with Bgl II (which cuts between exons 2 and 3) and hybridization with 5'-and 3'-specific probes ("c" and "d" in Fig. 2A ) allowed us to establish that the structural abnormality involved the 5' region of the c-myc locus (Fig.   3 ). By analogy with some of the t(8;14) Burkitt lines, this may be interpreted as a consequence of the chromosome translocation.
In order to map the breakpoint within the c-myc locus, DNA was digested with Pst I, Sac I, and Xba I, which cut progressively 5' to 3' starting from the HindIII site ( Fig. 2A ), and hybridized with probes c and d (Fig. 4) Fig. 2 . Sizes are given in kilobase pairs. and 3.0 kb, the latter hybridizing specifically to the exon 1 probe a. This indicated that the breakpoint was downstream from the first Pst I site in Fig. 2A and to exon 1 as well. Accordingly, the 3.0-kb fragment extends from the Pst I site 5' to exon 1 to a new site downstream on chromosome 8q-, whereas the 3.3-kb fragment extends from a new site 5' to exon 2 to the first site within it on chromosome 14q+ (Fig.  2B ). In the HindIII/Sac I digestion, the 3.4-kb fragment containing exon 1 and hybridizing to probes a and c was normally present, whereas the weakly hybridizing small fragment of 0,8 kb within the first intron was present only in reduced amount (not shown in Fig. 4 ). On the other hand, the Xba I pattern was entirely normal. These findings necessarily imply that a breakpoint occurs in the -0.2-kb DNA region extending from the first Sac I site 3' to exon 1 and the Xba I site immediately downstream. This breakage lepives exon 1 on chromosome 8q-, whereas exons 2 and 3 are translocated on chromosome 14q+. The restriction maps derived from this analysis are shown in Fig. 2B . They have been confirmed by double-digestion experiments and differential hybridization with the four probes (results not shown).
An additional finding was the presence in the Pst I digest of a 5.9-kb band together with the normal 3' fragment of 5.5 kb. This band hybridized with probe d and the cDNA probe, but it did not hybridize with 5'-specific a and c probes (not shown). Since the distance between the Pst I sites within 2B ). Instead, hybridization with a Cal probe indicated the presence of abnormal bands comigrating with the rearranged c-myc fragments (Fig. 5) . The restriction map in Fig. 2B is indeed compatible with a rearrangement of the translocated c-myc in proximity to the Cal locus, with opposite transcriptional orientation. RNA Analysis. RNA transfer blot analysis of poly(A)+ RNA and hybridization with the cDNA probe showed high levels of c-myc transcripts in leukemic cells (Fig. 6) . Two RNA bands of 2.0 and 2.9 kb in a roughly 1:1 ratio were detected, in contrast to the apparently single 2.3-kb band observed in HL-60 and K562 cell lines (14) (15) (16) (17) as well as in several ALL without t(8;14) (unpublished results). Both transcripts failed to hybridize with probe a, indicating that they are transcribed from the translocated c-myc, which lacks exon 1. No additional transcript originated from the residual exon 1 on chromosome 8q-was detected by hybridization with probe a.
Peripheral leukocytes in remission phase showed only background levels of c-myc transcripts (Fig. 6 ).
DISCUSSION
The close association between certain types of leukemias or lymphomas and chromosome translocations involving cellular oncogenes [e.g., t(9;22) in chronic myeloid leukemia, (6, 7, 21, 29) , which were always associated with an abnormal activation of the affected c-myc (9, 23) . Several models have been formulated to provide a molecular explanation for these c-myc activations (11, 13, 30 
